We have conducted a long-term V -band photometric monitoring of M33 on 95 nights during four observing seasons (2000 -2003). A total number of 6418 lightcurves of bright objects in the range of 14 -21 mag have been obtained. All measurements are publicly available. A total of 127 new variables were detected, of which 28 are periodic. Ten previously known nonperiodic variables were identified as periodic, 3 of which are Cepheids, and another previously known periodic variable was identified as an eclipsing binary. Our derived periods range from 2.11 to almost 300 days. For 50 variables we have combined our observations with those of the DIRECT project, obtaining lightcurves of up to 500 measurements, with a time-span of ∼ 7 years.
analysis techniques and results. It also describes the method of combining our data with the DIRECT data and compares our results with the DIRECT. We present a few interesting variables in § 4 and state concluding remarks in § 5.
OBSERVATIONS AND DATA PROCESSING

Observations
We observed M33 with the 1-m telescope at the Wise Observatory from September 2000 until November 2003. Observations were carried out with a standard Cousins-Johnson V filter using a Tektronix 1024×1024 back-illuminated CCD, with a pixel scale of 0.696 ± 0.002 "/pixel and an 11.88'×11.88' overall field of view (Kaspi et al. 1999) . Exposure time was 900 seconds.
M33 central region was covered by three fields -direct1, direct2 and direct3, similar to the DIRECT three fields. Table 1 lists We made an effort to observe each of the three fields twice per observing night, although some technical and/or weather conditions did not allow all six exposures to be acquired on all nights. A total of 617 exposures were obtained and are listed on Table 2 .
They include 286 exposures of direct1, 177 of direct2 and 154 of direct3.
On the night of Aug. 31, 2003 , at the last stage of our monitoring of M33, a nova eruption was discovered in the direct1 field (Ganeshalingam & Li 2003) . To follow-up the nova evolution, we obtained 111 exposures for the direct1 field between Sep. 7 and Sep. 22, 2003 (Shporer et al. 2003) . Those images are included in our present analysis. 
Photometry
Photometric processing was performed using IRAF packages and routines 2 . Biasing and flat field correction were done with the CCDPROC package with exposures taken nightly.
For object identification and astrometry we created for each field a reference image by combining the best 20 images. A total of 6487 objects were identified using the IRAF daofind task (Stetson 1987) . After X,Y coordinates were transformed to the coordinate system of each of the images we applied aperture photometry with the IRAF phot task in a fixed position mode. Other photometric techniques we experimented with did not result in significantly different results. Aperture radius was set to 3.5 pixels (= 2.4 arcsec) for all images, as this value is the typical PSF FWHM.
To remove systematic effects in our data we applied the newly developed SysRem algorithm (Tamuz et al. 2005) , which can remove systematic effects in large sets of photometric lightcurves. SysRem succeeded to decrease the stellar scatter of the brightest objects by up to about 50%.
Astrometry was performed using the USNO A-2.0 star catalog (Monet et al. 1998 ) and the reference image. CCD X,Y coordinates were transformed to equatorial FK5 with secondorder polynomials. Residuals RMS were 0.45" and no single coordinate residual exceeded 1.0".
Instrumental magnitude was transformed to real magnitude using the catalog of Macri et al. (2001a) . This catalog contains V magnitudes of all objects observed by the DIRECT first M33 observational campaign. A linear transformation from instrumental to real magnitude was derived using objects which were successfully astrometrically matched with catalog objects, allowing a maximum distance of 2". Fig. 2 shows the magnitude difference between
Wise and DIRECT magnitude vs. Wise derived magnitude for those objects. The increased scatter in the magnitudes difference for faint stars results from the increased uncertainty in the magnitudes of those stars.
The RMS of the difference between Wise and DIRECT magnitudes is 0.3 -0.4 mag, varying slightly from field to field. This scatter is similar to the scatter presented by Mochejska et al. (2001a , Figure 7, 2001b ) and found by Lee et al. (2002) . 
Photometric Results and ON-Line Data
Fig . 3 presents the RMS vs. the averaged V magnitude for all objects. Poisson and readout noises are dominant for objects fainter than mag ∼ 16. For brighter objects the scatter levels off and systematic noise at the level of ∼ 7 mmag becomes dominant. For stars brighter than ∼ 14 noise level rises again due to CCD saturation. Figure 3 . RMS against real V magnitude for all 6418 objects. The decrease of the Poisson noise and read noise as objects become brighter, up to a magnitude of ∼ 16, is the dominant feature of the diagram. For brighter objects a residual systematic noise of ∼ 7 mmag is observed. The increased scatter for objects brighter than ∼ 14th magnitude is due to CCD saturation. 
SEARCH FOR VARIABILITY
Each Lightcurve was searched first for periodic modulation, and then for non-periodic variability. For stars with available DIRECT data, we also applied periodic analysis to the combined data.
Periodicity Detection
Periodicity search was applied to all lightcurves with the Analysis of Variance (AoV) algorithm of Schwarzenberg-Czerny (1989) . For each trial frequency, ν, data was folded with the corresponding period and then binned into 10 bins, using equal as possible number of points per bin. Two variances were calculated: Binned lightcurve variance, s 2 1 (ν), and the sum of bins internal variance, s 2 2 (ν). Periodogram value, S(ν), was taken as the ratio of those variances, s
For each lightcurve, we defined S as the value of the highest periodogram peak divided by periodogram average:
We consider the value of S as an indicator of the significance of the detection of a periodicity within the lightcurve.
To estimate the significance of the periodicity detection we computed S for 100 random permutations of every lightcurve in each of the three fields, obtaining an S distribution consisting of ∼ 2×10 5 elements per field. We defined H S (S) to be the percentage of randomly permuted lightcurves with higher S values. Stars with H S (S) smaller than 0.01% were flagged as periodic. This threshold gives an expectation of one false detection for every 10 4 lightcurves, or, 0.64 for our entire sample.
A total of 113 periodic variables were detected. The period uncertainty, ∆P , was defined as the FWHM of the periodogram peak. In order to derive the amplitude we applied an iterative running-median to the phased lightcurve and took half the magnitude difference between maximum and minimum brightness.
We have classified 45 periodic variables as Cepheids by examining the period, amplitude and shape of all periodic variables. In particular, we examined the relative duration of increasing and decreasing brightness, in order to detect stars with an increasing phase substantially shorter than the decreasing phase. Comparing with the publicly available DIRECT catalogs and the SIMBAD astronomical database we find that 8 out of the 45 Cepheids are new, and 37 are previously known Cepheids. The 8 new Cepheids are listed in Table 5 Table 11 which lists all variables identified here.)
In order to detect EBs we applied the Eclipsing Binary Automated Solver to all periodic variables that were not identified as Cepheids. EBAS has its own built in goodness-of-fit estimator, the alarm -A, which we used to identify the true EBs. The advantage of the alarm over the classical χ 2 , as a goodness-of-fit estimator, results from accounting for measurements order, by considering maximal series of consecutive, mean-subtracted measurements with the same sign. We manually inspected all objects with A < 1.0, in order to remove spurious EB classifications. We identified 12 systems as EBs, of which 5 are new, presented in Fig. 5 and listed in Table 6 .
Those 5 include four new variables and one new classification of a known, unclassified periodic object (W21568). Table 7 lists the EBAS solution parameters of all 12 EBs detected here. The 7 already known EBs are included in Table 11 .
Periodic variables not identified as Cepheids or EBs were noted as unclassified periodic.
Those include 56 objects, 26 of which were not known before as periodic variables, listed on Table 8 . (The 30 known periodic variables are included in Table 11 .) The 26 new unclassified periodics include 19 new variables (not known before as variables) and 7 previously known as non-periodic variables. A sample of 8 new unclassified periodic variables is presented in Fig. 6 .
In addition, we have determined an improved period, of 175.4 days, for W11984 where the previously known period was 458 days (Kinman et al. 1987 ). Magnitude is plotted against phase. Title of each lightcurve is composed of (from left to right) designation, period, in days, and mean V magnitude.
Non-Periodic Variability Detection
All non-periodic lightcurves were searched for variability using the alarm statistic, A, introduced by Tamuz et al. (2006) . Here, the alarm is used to detect variable lightcurves by estimating the goodness-of-fit of a constant function. The significance of the detection of the variability was estimated by a permutation test, as was done for the periodicity detection.
For each single lightcurve, we generated 10 Columns contain (1) Designation, (2) J2000.0 R.A., (3) J2000.0 Dec., (4) mean V magnitude, (5) magnitude RMS and (6) comments. Comments: 1: Position in DIRECT M33C field. Columns contain (1) Designation, (2) alarm, (3) out-of-eclipse V magnitude, (4) period, in days, (5) relative sum of radii, (6) radii ratio, (7) surface brightness ratio, (8) impact parameter, (9) eccentricity, e, multiplied by cosw and (10) by sinw, where w is the periastron longitude, (11) bolometric reflection coefficient for the primary binary component and (12) listed on Table 9 . (The 78 previously known are included in Table 11 .) A sample of eight new non-periodic variables is presented on Fig. 7 . is also presented, in gray.
Combined Lightcurves
We combined the data presented in this paper with the available data for DIRECT variables from Macri et al. (2001a) and Mochejska et al. (2001a,b) . Data from all three sources were combined to create Columns contain (1) Designation, (2) J2000.0 R.A., (3) J2000.0 Dec., (4) mean V magnitude, (5) magnitude RMS, (6) period, (7) period uncertainty ,(8) amplitude and (9) comments. Comments: 1: Position in DIRECT M33C field. 500 V measurements each. Combining data from several telescopes requires fine calibration, removing possible zero point differences, when searching for variables in particular.
To derive a periodogram we fitted the data from the three telescopes with a few harmonics for each frequency together with different zero points for the three data sources. Those zero points were fitted separately for each variable. Since there is a large scatter in the magnitude difference of the same stars in different telescopes (See Fig. 2 Periodogram value for each frequency was taken to be the fitted amplitude divided by the χ 2 goodness-of-fit parameter. We then divided the whole periodogram by a fitted polynomial, was determined by using the Akaike Information Criterion (AIC, Akaike 1974). Fig. 9 shows an example of this analysis for W10821.
Lightcurves of 59 periodic objects were combined with data obtained here. For 9 of those stars results were unsatisfactory, mainly due to high noise level of faint objects. Results of the combining analysis for 50 objects are presented on Table 10 , together with the periods obtained previously by the two DIRECT project programs.
Except for two objects, W10034 & W20923, period derived by the combining procedure is consistent with those derived by analyzing each data set separately. For W10034, analysis of the combined lightcurve was able to reveal the true period (107.53 days), which is twice the period derived previously. For W20923, we have detected a period of 69.44 days, while the DIRECT period is 56.84. It is also interesting to note that a period of 69.50 days was already derived by Hubble (1926, Table II, variable No. 10) for this object. Table 11 lists all variables detected here along with designation of known variables.
Comparison with the DIRECT results
Many objects classified here as variables were not classified as such by the DIRECT project.
Out of the total 290 variables detected here only 158 variable objects were astrometrically matched to DIRECT variables. The other 132 variables consist of 102 non-periodic and 30 Columns contain (1) Wise Designation, (2) period of Macri et al. (2001b) , (3) period of Mochejska et al. (2001a,b) , (4) period of the combined lightcurves, (5) Period uncertainty, (6) amplitude of the fit, (7) zero point shift of Mochejska et al. (2001a,b) relative to Macri et al. (2001b) , and (8) zero point shift of the Wise data relative to Macri et al. (2001b) . . Combined lightcurve analysis of W10821 and its DIRECT counterpart -D33J013343.4+304356.5. Two harmonics were fitted to 462 measurements (of a time span of 2615 days). Top panel shows data of the DIRECT 1st campaign (Macri et al. 2001b) , in circles, of the DIRECT 2nd campaign (Mochejska et al. 2001a) , in crosses, and data obtained here, in triangles.
Middle panel presents the periodogram where the 2nd strongest frequency is consistent with one half the strongest frequency value, respectively. Bottom panel shows the combined phase-folded lightcurve, where the fitted zero point of each data set was subtracted. Fitted zero points are 19.43, 19.91 and 19.90 mag for the DIRECT 1st campaign (Macri et al. 2001b , marked by circles), DIRECT 2nd campaign (Mochejska et al. 2001a , marked by crosses) and the Wise data (marked by triangles), respectively. The black solid line is just an harmonic fit, derived by the lightcurves combining procedure.
periodic variables. Of those 132, 5 were already identified as variables by previous studies (Hubble & Sandage 1953 , Kinman et al. 1987 and Shemmer et al. 2000 , giving a total of 127 new variables, consisting of 99 non-periodic and 28 periodic. In addition, we obtained an improved variability type for 11 of the 158 astrometrically matched variables.
The M33 area monitored here includes three fields, while the DIRECT catalogs of Figure 10 . Combined lightcurve of W10034 with its DIRECT counterpart -D33J013420.8+303943.0, revealing the true period of 107.53 days, twice then period derived previously. Only by analyzing the combined lightcurve, consisting of 490 measurements taken in a time span of 2608 days, the true period was derived. The different markings for each data set are the same as in Fig. 9 , bottom panel. Key to variability types: E -Eclipsing binary, C -Cepheid, P -Unclassified Periodic, N -Non-periodic variable (DIRECT miscellaneous type). Comments: 1: New variable; 2: New classification of a known variable; 3: Position in DIRECT M33C, reported in Table 9 of Macri et al. (2001b) ; 4: Position in DIRECT M33C (new variable); 5: Position outside all DIRECT fields (new variable); 6: Object detected as periodic variable by Shemmer et al. (2000) ; 7: Astrometric matching between Wise and DIRECT objects can not be determined accurately due to the crowded region; 8: classified as a Long Period Variable (LPV) by Kinman, Mould & Wood (1987) ; 9: Object detected as variable by Hubble & Sandage (1953) ; 10: Period derived from the combined lightcurve. Only a small sample of Columns contain: (1) variability type and (2) number of detected variables. (3) Variables detected here inside the DIRECT M33A and M33B fields and (4) of those, number of variables detected by the DIRECT, including objects for which a new variability class was obtained here. (5) Variables detected here inside the DIRECT M33C field and (6) of those, number of variables detected by the DIRECT (Macri et al. 2001b , Table 9 ). Only variables in M33C and not in overlapping regions are listed on columns 5 and 6. (7) Variables detected outside the DIRECT FOVs. (8) Variables detected here, detected previously by studies other than the DIRECT. (Hubble & Sandage 1953 , Kinman et al. 1987 and Shemmer et al. 2000 . (9) Newly classified variables and (10) those, number of variables detected by the DIRECT project. Table 12 also refers to variables positioned in the DIRECT M33C field since although this field's variables were not reported by the DIRECT, 15 of them are included in Table 9 of Macri et al. (2001b) . Also given in Table 12 are number of variables detected outside all three DIRECT fields, variables detected by other, previous studies, number of newly classified variables and of new variables.
INTERESTING VARIABLES
W21067 -An Optical Periodic X-Ray Source
The combined data of W21067 (1:33:41.63, +30:32:20.5 ), one of the brightest objects in the sample, yielded a period of 5.26 days with an amplitude of 0.04 (see Fig. 11 ). An X-ray source at a distance of 1.4" from our position of W21067 was detected by Pietsch et al. (2004, Table 3, source 194 ) using the XMM-Newton observatory. They have measured an 0.2-4.5
KeV flux of (1.3900 ± 0.0097) × 10 −14 erg/sec/cm 2 and also suggested that the positional correlation between an optically periodic variable and an X-ray source makes this object an XRB candidate.
To follow this suggestion Alceste Bonanos of the CfA obtained for us a multi-order spectrum of W21067 with the Echellette Spectrograph and Imager (ESI) at the Keck II 10-m telescope in the Echelle mode. Fig. 12 presents the joined spectrum of all 10 orders (orders 6 to 15), with a complete spectral coverage from 3900-10000Å. Velocity dispersion is about 11.4 km/sec/pixel in all orders. is not an M33 member but a Galactic foreground object.
The many absorption lines and absence of significant emission features in W21067 spectrum rules out the possibility of a compact binary companion as the X-rays source (Bradt & McClintock 1983 ). Therefore we propose chromospheric activity as the source of the optical periodicity and X-ray radiation.
The periodic modulations of chromospherically active stars are known to show long-term amplitude and shape variations, resulting from their dark regions evolution during solar-like activity cycles (Guinan & Giménez 1992 , Oláh et al. 2000 , Rodono 1992 ). This might be the cause for the somewhat large scatter in W21067 combined folded lightcurve, consisting of data from a period of ∼7 years.
Fill-in cores of the Ca II H & K absorption lines, at 3968.5Å and 3933.7Å, respectively, are a classical spectral feature used to identify chromospheric activity (Fekel & Balachandran 1993 , Strassmeier et al. 1993 ). The color-temperature color-index relation (Allen 1973) for the DIRECT B − V = 0.79 ± 0.04 color index yields a color temperature of T c = 5250 ± 150
• K. For Galactic object in the direction of M33 extinction and reddening can be neglected, and therefore we can assume the temperature estimate is valid. The effective temperature bolometric correction (BC) relation (Allen 1973) yields BC = 0.18 ± 0.03 mag, which results in an X-ray to V flux ratio of log(f X /f V ) = − 2.72 ± 0.04, consistent with the mean value of −2.9 ± 0.8 (median −2.8), given by Padmakar et al. (2000) for 202 active binaries. W31230 (1:33:11.17, 30:34:21.9 ) is located 0.41" from SNR 19 of Gordon et al. (1998) and was detected here as an unclassified periodic variable. Considering the number of SNRs and periodic variables detected here in the direct3 field, the probability of a random positional correlation is 0.0009. Calzetti et al. (1995) 99.3 ± 4.4 days and an amplitude of 0.04 mag. Fig. 14 presents a Lomb-Scargle (Scargle 1982 ) power spectrum and a phased lightcurve of our data for this star.
W31230 -An Optical Periodic at SNR Position
Optical Variables at Wolf-Rayet Positions
WR Variability can originate from random winds variations, rotation, spots evolution and pulsation, radial and non-radial (Moffat & Shara 1986) . A persistent periodic variability might indicate a WR in a binary system where variability is induced by either geometric eclipses, wind eclipses or proximity effects (Marchenko et al. 1998) .
By correlating our variables against the SIMBAD database we found two objects which are located at positions of WR stars and a third object located at the position of a WR candidate. All three astrometric matches are within 1.1". (Massey & Johnson 1998, WR39) , was detected as a new non-periodic variable (see Fig. 7 and Table 2 , object 29) and was detected here as a new non-periodic variable (see Fig. 7 and Table 9 ). W31284 (1:33:35.13, 30:36:00.8 ) is a known LBV, named M33 Variable C, discovered by Hubble & Sandage (1953, Fig. 6 ) by using data from 1921 to 1953. Since then, this star was included in a few other long-term surveys: Rosino & Bianchini (1973 , Fig. 8), from 1960 -1972 , Kinman et al. (1987 , Fig. 5) from 1982 -1985 and Kurtev et al. (1999 Fig. 2 ) from 1982-1990.
W31284 -M33 Variable C
In both DIRECT campaigns and in this work M33 Var. C was identified as a nonperiodic variable. Lightcurve containing data of the three telescopes, with a time span of 7.16 years, is presented on Fig. 15 . Although there might be small zero-point shifts between telescopes, a decrease of more than 1 magnitude, followed by a similar increase is evident. This lightcurve and the one presented by Kinman et al. (1987) , show brightness variations with a much shorter time-scale than observed by Hubble & Sandage (1953) and Rosino & Bianchini (1973) . Furthermore, Fig. 15 shows that the star stayed at minimum brightness for a relatively short time before brightening again, a behavior which was not ob-lightcurve to no detectable variation in the DIRECT data. In our data, this object is also non-variable and has a V RMS of 0.03 mag, similar to the scatter of other non-variable stars of the same brightness.
CONCLUSIONS
We presented here the results of a long-term monitoring of the bright stars in M33, complete to V ∼ 19.5 mag. We discovered 8 new Cepheids, 5 binaries, 26 unclassified periodic variables with period range up to almost 300 days, and 99 non-periodic variables. Combined with the publicly available data of the DIRECT project, our data covers more than 5 years of stellar variability. One of these variables is the famous M33 Var. C, which displays more than 1 mag modulation with a timescale of 2500 days. The variability found here is different from that previously reported and therefore further observations of this star will be most interesting.
One intriguing result of this study is the findings about W31230, one of the brightest stars in M33, which is found at the location of SNR 19 of Gordon et al. (1998) and shows H α emission. It displays a small periodic modulation of 0.04 mag at a period of about 100 days. This is similar to one of the two periodic modulations found for the famous Galactic source SS 433 (Margon 1984) , which is also located at the center of Galactic SNR (e.g., Kirshner & Chevalier 1980) and has a prominent H α emission. The 165 d periodicity of SS 433 is associated with the precessing disc around the compact object, which is probably the remnant of the SN explosion. SS 433 displays another periodicity of 13 days (e.g., Mazeh et al. 1987) , associated with the binary period (e.g., Cherepashchuk 1981). We could not find a shorter periodicity at the W31230 data. If W31230 is indeed similar to SS 433, the lack of the short periodicity could be caused by a smaller inclination angle in our case.
It would be therefore of special interest to obtain a spectrum of this interesting star, to see if there is any resemblance to the special spectral features of SS 433 (Margon 1984) .
Followup spectroscopy turned out another interesting candidate, W21067, to be a foreground Galactic chromospheric star. We therefore suggest that the interesting cases found in M33 by photometry should all be followed by spectroscopy. With multi-object spectrographs available today on a few telescopes, such followup observations would require a relatively small amount of telescope time.
